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Hypericaceae é uma família da ordem Malpighiales, composta por seis gêneros e cerca 
de 620 espécies, das quais mais de 80% pertencem ao gênero Hypericum. Com 
distribuição quase cosmopolita, Hypericum possui dois importantes centros de 
diversidade na América do Sul: os Páramos andinos (seção Brathys) e os campos do 
sudeste da América do Sul (seção Trigynobrathys). Estudos filogenéticos recentes têm 
demonstrado que essas duas maiores seções do gênero, Brathys and Trigynobrathys, são 
não monofiléticas. De acordo com a compreensão atual, todas as espécies sul-americanas 
de Hypericum, juntamente com espécies Africanas, Asiáticas e Norte Americanas são 
acomodadas em um clado que reúne 30% das espécies do gênero e que tem sido 
informalmente denominado Brathys s.l. ou grupo Brathys. Na presente tese utilizamos 
análises Bayesianas e de Máxima Verossimilhança a partir de sequências de DNA nuclear 
e do cloroplasto (ITS + At1G13040 + petD + trnL) para inferir as relações evolutivas 
entre as espécies de Hypericum sul-americanas. Nessa etapa consideramos uma estratégia 
de amostragem robusta para as espécies sul-americanas não andinas, as quais eram 
previamente subamostradas em reconstruções filogenéticas. Também investimos em um 
bom conhecimento taxonômico e de campo para auxiliar na resolução de dificuldades 
taxonômicas e nomenclaturais acerca de espécies de Hypericum da região não andina da 
América do Sul, além de fornecer a primeira avaliação global do risco de extinção para 
22 espécies de Hypericum e assim prover informações que subsidiem ações de 
conservação para as espécies e seus ecossistemas. Com o uso dessas abordagens, 
melhoramos nosso entendimento sobre a taxonomia e a história evolutiva de 
representantes sul-americanos do gênero Hypericum. Ou seja, na tese demonstramos que 
as espécies sul-americanas não andinas de Hypericum formam um grupo monofilético 
que é fortemente sustentado em nossas análises e que a espécie morfologicamente 
distinta, H. piriai, fica posicionada separada do clado andino e do clado do sudeste sul-
americano, representando uma terceira linhagem que colonizou a América do Sul. Nossos 
estudos também resultaram em nove novos registros para os territórios argentino, 
brasileiro e uruguaio, na sinonimização de seis nomes, no restabelecimento da prioridade 
nomenclatual de Hypericum cordiforme sobre H. cordatum, na indicação de seis 
lectótipos e 21 casos envolvendo segundo passo de lectotipificação, quatro indicações de 
neótipos, um epítipo, além da identificação de dois nomes supérfluos e um nome não 
validamente publicado. Do ponto de vista da conservação, foi possível identificar onze 
espécies ameaçadas globalmente, sendo seis classificadas na categoria Em Perigo (EN) e 
cinco como Criticamente em Perigo (CR). 
 
Palavras-chave: América do Sul, conservação, filogenética molecular, Hypericum, 







Hypericaceae is a family of the order Malpighiales, composed of six genera and about 
620 species, of which more than 80% belong to the genus Hypericum. With almost 
cosmopolitan distribution, Hypericum has two important centers of diversity in South 
America: the Andean Páramos (Brathys section) and the southeastern South America 
grasslands (Trigynobrathys section). Recent phylogenetic studies have shown that these 
two major sections of the genus, Brathys and Trigynobrathys, are not monophyletic. 
Indeed, all South American species of Hypericum along with African, Asian and North 
American species are accommodated in a clade that accounts for 30% of the species of 
the genus and which has been informally termed Brathys s.l. or Brathys group. In the 
present thesis, we used Bayesian and Maximum Likelihood analyzes from nuclear and 
chloroplast DNA sequences (ITS + At1G13040 + petD + trnL) to infer the evolutionary 
relationships between the South American Hypericum species. In this step, we considered 
a robust sampling strategy for the non-Andean South American species, which were 
previously under-sampled in phylogenetic reconstructions. We also invested efforts in a 
substantial taxonomic and field knowledge to improve the resolution of taxonomic and 
nomenclatural difficulties regarding Hypericum species in the non-Andean South 
America, as well as to provide the first global extinction risk assessment for 22 Hypericum 
species and to provide information that subsidize conservation actions for species and 
their ecosystems. Using these approaches, we improved our understanding of the 
taxonomy and evolutionary history of South American representatives of the Hypericum 
genus. That is, in the thesis we demonstrated that the non-Andean South American species 
of Hypericum form a monophyletic group that is strongly supported in our analyzes and 
that the morphologically distinct species, H. piriai, is separated from the Andean clade 
and also from the southeast South American clade, representing a third lineage that 
colonized South America. Our studies also resulted in nine new records for the 
Argentinean, Brazilian and Uruguayan territories, synonymization of six names, the 
restoration of the nomenclatural priority of Hypericum cordiforme over H. cordatum, the 
indication of six lectotypes and 21 cases involving second-step lectotypes, four 
indications of neotypes, one epitype, besides the identification of two superfluous names 
and an name not validly published. From the conservation framework, it was possible to 
identify eleven endangered species globally; six classified in the category Endangered 
(EN) and five in the Critically Endangered (CR). 
 
Keywords: South America, conservation, Hypericum, molecular phylogenetics, new 
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Esta tese é divida em uma Introdução Geral, seguida de dois Capítulos e, por fim, 
Conclusões e Perspectivas. 
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foi publicado (artigo apresentado no exame de qualificação deste doutorado). Já a 
formatação da Parte II seguiu o modelo exigido para publicação na revista Plant 
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revista Brittonia, na qual o artigo já foi publicado. Já a formatação da Parte II seguiu o 








Hypericaceae Juss. é uma família da ordem Malpighiales, composta por seis 
gêneros e cerca de 620 espécies (Nürk et al. 2015; Robson 2012, 2016; Stevens 2001 em 
diante), das quais mais de 80% pertencem ao gênero Hypericum L. (Nürk et al. 2015; 
Robson 2012). A família faz parte do clado Clusioide, tendo como grupo-irmão 
Podostemaceae, e está dividida em três tribos bem suportadas (Fig. 1), sendo elas 
Vismieae, Cratoxyleae e Hypericeae (Robson 2012; Ruhfel et al. 2011, 2013, 2016). A 
tribo Hypericeae abrangia cinco gêneros (Stevens 2007), dos quais quatro foram 
recentemente incorporados em Hypericum a fim de torná-lo monofilético (Meseguer et 
al. 2013, 2015, 2018; Nürk et al. 2013a,b, 2015, 2017; Robson 2012, 2016; Ruhfel et al. 
2011, 2013). Os pequenos gêneros Lianthus N.Robson, Santomasia N.Robson, e Thornea 
Breedlove & E.M.McClint. foram transferidos para dentro de Hypericum e passaram a 
ser considerados seções dentro deste gênero, enquanto que as seis espécies do gênero 




Figura 1. Relações das famílias e tribos do clado Clusioide, de acordo com Ruhfel et al. 
(2011), obtido em Robson (2012) e corroborado por Ruhfel et al. (2013, 2016). 
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Além das mudanças na circunscrição de Hypericum, as relações filogenéticas 
dentro do gênero também estão se tornando mais claras, especialmente devido ao advento 
da biologia molecular (Meseguer et al. 2013, 2015, 2018; Nürk et al. 2013a,b, 2015, 
2017). Tais trabalhos vêm demonstrando que as 36 seções de Hypericum (Robson 1977, 
2012) parecem em grande parte artificiais e necessitam de reavaliação. Dentre os 
problemas encontrados na classificação infragenérica, podemos destacar o não 
monofiletismo das duas maiores seções do gênero: Brathys (Mutis ex L.f.) Choisy and 
Trigynobrathys (Y.Kimura) N.Robson (Robson 1987, 1990). Essas duas seções 
acomodam todas as espécies sul-americanas de Hypericum e, juntamente com espécies 
Africanas, Asiáticas e Norte Americanas, formam um clado que reúne 30% das espécies 
do gênero e que tem sido informalmente denominado Brathys s.l. (Nürk & Blattner 2010; 
Nürk et al. 2013a,b, 2015) ou grupo Brathys (Meseguer et al. 2013). Mais recentemente, 
dados oriundos de métodos morfo-geográficos e de filogenias moleculares levaram a 
descrição de dois subgêneros em Hypericum: Brathys (Mutis ex L.f.) N.Robson, que 
inclui espécies principalmente do Novo Mundo e Hypericum que acomoda espécies 
principalmente do Velho Mundo (Robson 2016). Em suma, todas as espécies de 
Hypericum da América do Sul foram alocadas no subgênero Brathys (Robson 2016), e 
podem ser divididas em dois grupos, aquelas que se distribuem na porção andina da 
América do Sul e aquelas que ocorrem nos campos do sudeste sul-americano. 
As mais de 500 espécies de Hypericum possuem diferentes formas de vida, 
variando de ervas anuais até árvores de grande porte (Robson 1981, 2016), e são 
adaptadas a ambientes bastante específicos, ocorrendo desde regiões tropicais alpinas 
como os Páramos Andinos, até várzeas temperadas e ambientes mediterrânicos rochosos 
e secos (Robson 1981, 2016). As espécies de Hypericum podem ser encontradas nos mais 
diversos ecossistemas do Globo, possuindo uma distribuição quase cosmopolita, mas 
reúnem em zonas temperadas e regiões tropicais de grandes altitudes sua maior riqueza 
(Nürk et al. 2013a; Robson 2003). O gênero apresenta seu centro primário de riqueza em 
regiões temperadas da Eurasia (Meseguer et al. 2013; Nürk et al. 2013a, 2015), o que 
contrasta com todos os outros grupos do clado Clusioide, que são quase que 
exclusivamente tropicais (Nürk et al. 2015; Ruhfel et al. 2011, 2016). Na América do Sul, 
as espécies de Hypericum ocorrem em áreas de vegetação campestre (Nürk et al. 2013b, 
Vogel Ely et al. 2019), e apresentam duas importantes áreas de endemismo: os Páramos 
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Andinos (centro de diversidade da seção Brathys) e os campos do sudeste da América do 
Sul (centro de diversidade da seção Trigynobrathys) (Robson 1987, 1990).  
No contexto da biogeografia, análises realizadas por Nürk et al. (2015) indicaram 
o Hemisfério Norte, mais especificamente o oeste Paleártico, ou ainda uma distribuição 
mais ampla entre o oeste Paleártico e Neártico, como área de origem de Hypericum.  Em 
contrapartida, Meseguer et al. (2013, 2015) indicaram o oeste Paleártico como primeira 
possível área ancestral de Hypericum e a África como segunda possível área ancestral do 
gênero, embora isso contraste com a presença do fóssil mais antigo no oeste da Sibéria, o 
qual é datado para o final do Eoceno (Arbuzova 2005, Meseguer & Sanmartín 2012). 
Apesar da falta de correspondência entre algumas inferências biogeográficas, há 
concordância de que a família Hypericaceae, assim como a maioria dos gêneros e famílias 
da ordem Malpighiales, possuem origem tropical, possivelmente na África (Meseguer et 
al. 2013, 2015; Nürk et al. 2015; Robson 1981; Ruhfel et al. 2011, 2016). Esses estudos 
foram realizados graças a presença de um número considerável de registros fósseis de 
diferentes táxons do clado Clusioide (Ruhfel et al. 2011, 2013), além de microfósseis do 
gênero Hypericum (Meseguer & Sanmartín 2012). Tais registros permitiram calibrar 
diferentes pontos das filogenias e inferir com uma maior precisão o tempo de divergência 
dessas linhagens. Desta forma, segundo inferências realizadas por Meseguer et al. (2013), 
a diversificação da família Hypericaceae ocorreu por volta de 53.8 Ma, a divergência 
entre as tribos Hypericeae e Vismieae foi estimada para o início do Eoceno (49.9 Ma), 
enquanto que a divergência entre os grupos de Hypericum do Novo e do Velho Mundo 
ocorreu entre o final do Eoceno e o início do Oligoceno (33.7–37 Ma).  
Duas hipóteses foram sugeridas para explicar o processo de colonização de 
Hypericum na América do Sul. A primeira hipótese sugeriu que as espécies sul-
americanas teriam chegado ao Neotrópico através de um único evento de dispersão 
(Meseguer et al. 2013, 2015). Por outro lado, a segunda hipótese sugeriu que duas 
linhagens dispersaram independentemente na América do Sul, uma no sudeste sul-
americano, a qual teria diversificado por volta de 4.1 Ma, e a outra andina que teria 
diversificado por volta de 3.8 Ma, coincidindo com o soerguimento dos Andes (Nürk et 
al. 2013b, 2017). A baixa amostragem de táxons sul-americanos não andinos parece 
impedir a inferência de cenários biogeográficos concisos (Meseguer et al. 2015; Nürk et 
al. 2013b, Nürk et al. 2017), especialmente em relação à distribuição ancestral dos clados 
sul-americanos (Nürk et al. 2017). 
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Quanto aos propósitos medicinais de Hypericum, é sabido que o reconhecido uso 
da espécie Hypericum perforatum L. para fins medicinais fez com que várias espécies do 
gênero fossem amplamente contempladas em estudos farmacognósticos (Biavatti 2011). 
O interesse químico e farmacológico sobre o gênero, aliado ao grande número de espécies 
quimicamente desconhecidas fez com que diversas espécies de Hypericum sul-
americanas fossem alvo de pesquisas neste âmbito. Desde então, muitas atividades 
farmacológicas já foram evidenciadas, dentre as quais podemos mencionar a atividade 
antidepressiva de H. caprifoliatum (Viana et al. 2005), atividade antimicrobiana de H. 
myrianthum Cham. & Schltdl. (Dall’Agnol et al. 2005), atividade antiviral de H. 
connatum (Fritz 2006), propriedades antidepressivas, inseticidas e neuroativas de H. 
polyanthemum Klotzsch ex Reichardt (Viana 2007; Rates et al. 2010), entre outras. Além 
disso, um perfil fitoquímico entre espécies de Hypericum coletadas no sul do Brasil foi 
identificado (Von Poser et al. 2010), sugerindo que compostos fenólicos como ácido 
clorogênico poderiam ser usados como caráter taxonômico, uma vez que foram 
amplamente quantificados nas espécies do sudeste sul-americano.  
Do ponto de vista da conservação, há várias espécies sul-americanas não andinas 
de Hypericum em vias de extinção, seja em decorrência da falta de conhecimento sobre 
essas espécies ou pela falta de estratégias de conservação para as espécies e seus 
ecossistemas (Keller & Crockett 2015; Vogel Ely & Boldrini 2015). Inclusive, os 
ecossistemas campestres em que as espécies sul-americanas de Hypericum ocorrem vem 
sofrendo com um conjunto de processos de degradação e raramente são consideradas em 
políticas de conservação (Andrade et al. 2015; Overbeck et al. 2007, 2015; Veldman et 
al. 2015). 
O interesse farmacognóstico sobre espécies de Hypericum é uma das razões que 
ressaltam a importância de pesquisas visando sanar problemas no conhecimento e na 
delimitação dos táxons. Nesse sentido, trabalhos sistemáticos como o que apresentamos 
aqui garantem que pesquisas no âmbito da farmacognosia sejam desenvolvidas com 
segurança pois asseguram a identificação precisa do material utilizado evitando uma série 
de problemas, especialmente com relação à obtenção de patentes. O baixo número de 
espécies sul-americanas de Hypericum (ca. 9%) que tiveram seu status de conservação 
avaliados globalmente, aliado aos inúmeros processos de degradação dos ecossistemas 
campestres em que as espécies ocorrem, é outro ponto que justifica a necessidade urgente 
de pesquisas envolvendo aspectos taxonômicos e de conservação desse gênero. Em suma, 
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com o uso de abordagens taxonômicas e de biologia molecular, a presente tese visa 
preencher lacunas, colaborando para o conhecimento das espécies sul-americanas não 
andinas de Hypericum e de suas relações evolutivas com as demais espécies do gênero.  
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HIGHLIGHTS  
− Hypericum rigidum subspecies overlap geographically, ecologically and 
morphologically. 
− No adaptive match of H. rigidum phenotypes to the environment was found. 
− Random processes may spur phenotypic variation in H. rigidum. 






Integrative approaches have been very useful to identify diagnostic morphological 
characters in species delimitation and to understand how abiotic factors influence the 
geographical distribution of taxa and whether these factors may be driving to specific 
changes in phenotypic variation patterns. Here we use a South American Hypericum 
species to discuss the importance of such collaborations for taxonomy. The current 
classification recognizes four sympatric subspecies within Hypericum rigidum; however, 
due to the presence of intermediary diagnostic characters, a significant number of 
specimens cannot be assigned to any of these subspecies. Therefore, since the described 
subspecies are difficult to differentiate, in this study, we applied ecological and 
morphometric approaches to evaluate whether the infraspecific classification may be 
sustained in terms of environmental and morphological variation. Applied statistical 
analyses make evident the high morphological variation within H. rigidum subspecies 
and the absence of diagnostic characters that sustain the current infraspecific 
classification. Multivariate analyses also indicate that the morphologic variation of H. 
rigidum subspecies does not represent adaptive matching of phenotypes to the 
environment and, therefore, cannot be explained by phenotypic plasticity nor by ecotypic 
variation. We also discuss the non-standardization of the subspecies concept in plants. In 
conclusion, H. rigidum subspecies overlap geographically, ecologically and 
morphologically and, therefore, we recommend that these phenotypes should not be 
regarded as subspecies, but as part of one single highly variable species. 
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ecological niche; Hypericaceae; infraspecific delimitation; multivariate analyses; 





Taxonomy is built based on categories around which reaching a scientific 
consensus is an ongoing challenge. The subspecies’ concept, for example, defines that 
populations distributed in non-overlapping geographic units must have diagnostically 
distinct phenotypes (Mayr, 1942; Patten and Remsen, 2017). Nevertheless, subspecies 
definition is seldom applied accordingly (Hamilton and Reichard, 1992; Patten, 2015). 
Such conceptual arbitrariness promotes taxonomic inflation, resulting in unrealistic 
measures of biodiversity (Isaac et al., 2004) and this may have consequences on 
biodiversity management and prioritization of regional conservation (Padial et al., 2006). 
The taxonomic instability has troubled biologists for a long time. Recently, 
integrative taxonomy, using different lines of evidence, has helped to solve such 
problems, becoming a standard practice in taxa delimitation (Morales et al., 2014; Padial 
et al., 2006; Robbiati et al., 2017; Turchetto et al., 2014). Morphometric analyses, for 
example, has been very useful to identify diagnostic morphological characters in taxa 
delimitation (Pierre et al., 2014). However, when combined with ecological approaches 
they may help to understand how abiotic factors influence the geographical distribution 
of taxa and whether these factors may be driving to specific changes in phenotypic 
variation patterns (Robbiati et al., 2017). Such collaborations should be encouraged as 
they help taxonomy to go beyond naming species, they promote the understanding of the 
processes that lead to speciation (Schlick-Steiner et al., 2010). 
Hypericum L. is the largest genus of Hypericaceae Juss., reaching over 500 
species distributed in the most diverse ecosystems of the World (Robson, 2016, 2012, 
1977). In South America, many species of Hypericum are habitat specialists, ranging from 
rocky to damp environments (Nürk et al., 2013; Vogel Ely et al., 2018). Hypericum 
rigidum A.St.-Hil., for example, is distributed in open areas of subtropical South America, 
occurring mainly between 900 and 1,700 m a.s.l., in high altitude wetlands of the Atlantic 
Forest region. Scrutinize such environmental conditions may help us to understand which 
factors are driving taxa distribution (Soberón, 2007), especially since species are expected 
to be nonrandomly distributed regarding ecogeographical variables (Hirzel et al., 2002). 
Methods that extract spatial environmental data (e.g. abiotic factors such as average 
temperature, precipitation, terrain and soil aspects) from occurrence records are relevant 
to measure ecological niche differences (Broennimann et al., 2012) and, consequently, 
defining ecological limits between taxa. 
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The species H. rigidum itself is identified by its leaves-like bracts, long primary 
pedicel and characteristic venation in both the field and on herbarium specimen (Fig. 1A–
C). Its infraspecific classification, however, is problematic and of limited practical utility: 
diagnosis and identification key contain overlapping or extremely close morphological 
characters (Robson, 1990). With wide phenotypic variation, H. rigidum was initially 
described as three distinct species (Keller, 1923; Saint-Hilaire, 1828; Smith, 1958) and 
later, synonymized, but segregated into four subspecies within H. rigidum (Robson, 
1990). Names like H. rigidum subsp. rigidum (‘rigidum’) and H. rigidum subsp. 
sellowianum (R.Keller) N.Robson (‘sellowianum’) were applied to phenotypes exhibiting 
morphological extremes (Fig. 1D and G), while H. rigidum subsp. meridionale (L.B.Sm.) 
N.Robson (‘meridionale’) and H. rigidum subsp. bracteatum N.Robson (‘bracteatum’) 
are phenotypes that lie between these extremes (Fig. 1E and F). The current taxonomy 
recognizes these four non-allopatric subspecies within H. rigidum and, according to 
Robson (1990), these subspecies are morphologically distinguishable from each other 
based on the morphological characters described in Table 1. However, as already noted 
by Slusarski et al. (2007), the overlap of the characters used by Robson (1990) as 
diagnostic was quite evident in his study and, in practice, results in a significant number 
of specimens that cannot be identified by the current infraspecific classification of H. 
rigidum. 
In this study, we investigate the morphological and ecological delimitation 
between the four H. rigidum subspecies in order to solve taxonomic issues related to these 
subspecific names. Specifically, we test for (1) morphological separation of H. rigidum 
individuals using a comprehensive sample of geo-referenced specimens and field 
observations, and for (2) differences in their ecological niches. We (3) identify whether 
potentially obtained entities (distinct phenotypes or ecotypes) agree with the current 
subspecies concept (sensu Robson, 1990). Finally, we analyze our results in the light of 
Mayr’s concept of subspecies delimitation, that is, whether or not potentially identified 





Fig. 1. A–G. Hypericum rigidum. A. Leaves-like bracts. B. Leaf venation. C. Habit. D. H. rigidum 
subsp. rigidum. E. Hypericum rigidum subsp. meridionale. F. Hypericum rigidum subsp. 
bracteatum. G. Hypericum rigidum subsp. sellowianum. (Photos: A–C was taken by Sérgio A. L. 





Table 1. Diagnostic characters in the separation of Hypericum rigidum subspecies, according to Robson's classification (1990). 
Subspecies Leaf 
size* 








‘rigidum’ 20−60 × 
4−13 
mm 
narrowly elliptic or narrowly oblong to 
linear-oblong, apex acute to acuminate, 
base parallel-sided 






‘meridionale’ 10−30 × 
2−8 mm 
± narrowly elliptic or oblong to linear-
oblong, apex acute to acuminate, base 
parallel-sided to narrowly cuneate 
1−7-flowered 14−24 
mm diam. 




‘bracteatum’ 15−20 × 
4−6 mm 
narrowly elliptic to narrowly oblong-
elliptic, apex acute to subacute, base 
narrowly cuneate to truncate 
5−12-flowered 15−18 
mm diam. 




‘sellowianum’ 10−20 × 
4−6 mm 
broadly to narrowly elliptic or broadly 
to narrowly oblong or lanceolate, apex 
acute to rounded, base narrowly cuneate 
















2. MATERIAL AND METHODS 
2.1. Specimens studied 
From a total of 129 herbarium specimens of H. rigidum, we selected 74 specimens 
from 44 localities as a representative subset for uni- and multivariate statistical analyses 
(Appendix S1 in the Supplementary material). Specimens selection followed two primary 
criteria: the presence of characters considered diagnostic by the current infraspecific 
classification and precise information about collection locality (i.e. geographic 
coordinates or municipality). The coordinates of specimens were obtained during field 
expeditions and from exsiccate labels. Also, specimens collected in the same place, but 
at different times were in cluded in the dataset. Herbarium material from ICN and high-
resolution images from ALCB, FURB, HUEFS, K, MBM, NY, P, RB, US, and W were 
examined and measured through the Jabot and Reflora databases (JBRJ, 2017; Reflora, 
2017; Thiers, 2017). 
 
2.2. Morphological data 
Measurements were made on the morphological characters formally used as 
diagnostics in the separation of the four subspecies of H. rigidum (Robson, 1990): leaf 
length, leaf width, number of flowers per inflorescence, flower diameter, primary pedicel 
length and capsule length (Table 1). However, after checking for multicollinearity using 
Pearson correlation among these six morphological variables initially selected, we 
detected a high collinearity between leaf length and leaf width (r ≥ 0.8). Thus, we created 
a new morphological variable: length × width leaf ratio. Except for the box-plots and 
analysis of variance, all other analyses comprised only five morphological variables: (1) 
length × width leaf ratio; (2) number of flowers per inflorescence, (3) flower diameter; 
(4) primary pedicel length; and (5) capsule length. Bracts and bracteoles were not 
included in the analyses because they can be foliaceous or reduced in the same specimen. 
Aiming to cover the entire morphological variation of H. rigidum, we measured 
26 specimens from ‘rigidum’ (type included), 12 from ‘meridionale’ (type excluded 
because it did not have precise location data), one from ‘bracteatum’ (subspecies known 
only by its type), 27 from ‘sellowianum’ (type excluded because it did not have precise 
location data), and eight indeterminate or ‘indet’ (specimens that could not be classified 
into any of the four subspecies because they presented intermediate diagnostic 
characters). Specimens identification was performed based on the taxonomic key, 
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illustrations, and descriptions found in Robson (1990). Fertile and sterile specimens were 
both analyzed to embrace the entire geographic range and the full spectrum of 
morphological variation of H. rigidum subspecies. In order to account for the inter- and 
intra-populational variation of H. rigidum’s morphology, we made five measurements 
contemplating average and extreme morphological values of each character per specimen, 
whenever possible. In our dataset each of the five measurements was considered as a 
different replicate, allowing us to get access to the variation within specimens as well. 
Analyses were performed using two different matrix sizes (‘morphological-1’ 
dataset and ‘morphological-2’ dataset) to handle with NMDS analytical limitations owing 
to missing data. The ‘morphological-1’ dataset contains 368 measurements obtained from 
74 specimens, while the ‘morphological-2’ dataset has a subset of 200 measurements 
obtained from 69 specimens. In both matrices we measured vegetative and reproductive 
morphological characters, covering the entire morphological variation and geographic 
distribution of H. rigidum. Due to absence of flowers or fruits in many specimens the 
datasets contained varying amounts of missing data (45% missing data in ‘morphological-
1’ dataset, 26% in ‘morphological-2’ dataset), a common challenge to whom that conduct 
macroecological and evolutionary studies using life-history trait databases (Penone et al., 
2014; Sauquet and Magallón, 2018). 
 
2.3. Ecological data 
To evaluate the subspecies’ distributional response to environmental gradient and 
to test whether the ecological niche differs among subspecific taxa, we built a database 
of environmental variables based on the occurrence records of H. rigidum subspecies. For 
this, we selected seven climatic variables from WorldClim database (available at 
http://www.worldclim.org/bioclim) for being ecologically meaningful, since they 
represent extreme climatic conditions: BIO3 (Isothermality), BIO5 (Maximum 
temperature of warmest month), BIO6 (Minimum temperature of coldest month), BIO13 
(Precipitation of wettest month), BIO14 (Precipitation of driest month), BIO15 
(Precipitation Seasonality, Coefficient of Variation), and elevation above sea level. 
However, after detecting high collinearity (r ≥ 0.8) between BIO15 and two other 
environmental characteristics (BIO13 and BIO14), we excluded BIO15 from further 
analysis. Additionally, soil organic carbon stock (SOC, t ha-1) was obtained from a 1 km 
spatial resolution map for Brazil (Vasques et al., 2018; available at 
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http://geoinfo.cnps.embrapa.br/documents/1060), which has been proposed as a proxy for 
soil water characteristics (Saxton and Rawls, 2006). 
 
2.4. Analyses 
All analyses were performed in the statistical computing environment R, version 
3.4.0 (R Core Team, 2017), using packages ade4, cluster, ggplot2, raster, and vegan. The 
morphological variation of characters used in subspecific taxa delimitation sensu Robson 
(1990) was represented in the box-plots, and their significant differences tested using 
Fisher's least significant difference (LSD) at P < 0.05 after a nonparametric analysis of 
variance (Kruskal-Wallis). We opted for a nonparametric analysis of variance because 
our data did not meet the assumptions of normality and homogeneity of variance. 
In order to test the morphological separation of H. rigidum subspecies, we applied 
two multivariate analyses: hierarchical cluster analysis (HCA) using Ward’s method and 
non-metric multidimensional scaling (NMDS). For both analyses, we used Gower 
distance as a dissimilarity measure (Gower, 1971). Considering that in HCA the 
specimens are clustered only due to their morphological differences (i.e. without 
assignment to taxa), this analysis is appropriate to test whether the individuals cluster 
according to the infraspecific classification of H. rigidum (Robson, 1990). To perform 
HCA, the Gower distance was used to create a dissimilarity matrix of the ‘morphological-
1’ dataset. We used NMDS in order to reduce the multidimensionality of data and thereby 
facilitates interpretation (James and Mcculloch, 1990). Also, NMDS is considered a 
robust technique for ecological approaches (Minchin, 1987), and can handle incomplete 
datasets. For the analysis, we used ‘morphological-2’ dataset, which contains at least 
three measurements per morphological variable per specimen. 
Mantel test, based on Pearson’s product-moment correlation, was performed to 
seek the statistically significant relationship between morphological and environmental 
distance matrices (Legendre and Legendre, 2012). For this analysis, two matrices of 
equivalent size were used, one containing the ‘environmental’ dataset and other 
containing the ‘morphological-2’ dataset. Mantel test was conducted using 999 random 
permutations. Additionally, aiming to figure out how similar are the abiotic resource 
requirements and restrictions among the subspecies we carried out a principal component 
analysis (PCA). The PCA is an ordination technique that aims to reduce the complexity 
of the study focus, in our case the environmental variance where each subspecies is found, 
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transforming many correlated variables into two uncorrelated principal components. 
Because of its capacity to maximize the environmental variance of the species 
environment, it is considered a robust method for estimating niche overlap (Broennimann 
et al., 2012). For PCA dataset we considered only a single register of each subspecies per 




3.1. Geographical distribution and environmental data 
The distribution of H. rigidum covers approximately 450,000 km2 of the Atlantic 
Forest grasslands, in the south-southeast Brazil, ranging within nine degree latitude and 
ten degree longitude (Fig. 2A), with an altitudinal interval ranging from 229 to about 
1,700 m a.s.l. The annual cumulative precipitation ranges from 1,050 mm in the driest 
area in the extreme east up to 2,050 mm in the extreme west of H. rigidum distribution 
(INMET, 1992), with monthly precipitation ranging from 157 mm to 323 mm in the 
wettest month and from 16 mm to 137 mm in the driest month. The average annual 
temperature varies from 14 °C in the extreme south to 24 °C in the extreme north of H. 
rigidum distribution (INMET, 1992), with maximum temperature ranging from 23 °C to 
32 °C in the hottest month, and the minimum temperature from 4 °C to 12 °C in the 
coldest month. The soil organic carbon (SOC) content varies from 36.7 to 108.5 t ha−1. 
 
3.2. Morphometrical analyses 
In the box-plots, we can see that LSD revealed statistical differences at P < 0.05 in leaf 
length and length × width leaf ratio for ‘rigidum’, ‘meridionale’, and ‘sellowianum’, 
primary pedicel length for ‘bracteatum’, as well as flower diameter and capsule length of 
‘rigidum’ (Fig. 3; see Appendix S2 in the Supplementary material). For instance, when 
analyzed for the length × width leaf ratio parameter, ‘rigidum’, ‘meridionale’, and 
‘sellowianum’ showed statistical differences among each other (represented by the letters 
a, b, and c respectively), whereas ‘meridionale’ and ‘sellowianum’ did not differ 
statistically from ‘bracteatum’ (which was represented by the letters bc) for the same 
parameter (Fig. 3). Nevertheless, all measured characters showed overlap among the 
suggested subspecies at some point: ‘number of flowers per inflorescence’, for example, 
show overlap among ‘rigidum’ (b), ‘meridionale’ (b), and ‘bracteatum’ (ab), which also 
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shows overlap with ‘sellowianum’ (a). That is, no evidence is provided in our data to 
morphologically differentiate the four subspecific taxa. Similarly, in the cluster analysis 
of the morphological data, the specimens do not group according to the infraspecific 
classification of H. rigidum. Four main clusters are revealed by HCA (Fig. 2C), and 
specimens assigned to one of the four subspecies very often group in more than one 
cluster, highlighting the absence of correspondence between morphological clustering 
and intraspecific classification. Moreover, duplicate specimens of the same collection 
often do not group together in the HCA dendrogram. For example, Hatschbach 34,336 
comprises four mounted specimens deposited in HUEFS, MBM, RB and W. These 
duplicate specimens were found in the four groups of our dendrogram. Similarly, Lozano 
& Engels 2,228, which has three duplicates found in ICN, MBM, and RB, were gathered 
in the third (III) and fourth (IV) groups. NMDS corroborates the HCA analysis showing 
that all phenotypes are mixed into a single group (Fig. 2D). 
 
3.3. Ecological analyses 
The Mantel test that examined the relationship between morphological distance 
and environmental distance was not significant (rMantel=-0.056, P = 0.971). That is, 
subspecies distribution is not correlated to the environmental gradients. The first two PCA 
axis represented 76% of the total variation in the environmental dataset. The first axis 
describes differences in a local scale in the environment, by differences in the soil organic 
matter accumulation, while the second axis makes evident differences in a landscape scale 
like temperature and pluviosity, especially the minimum temperature of coldest month 
and the precipitation of wettest month. One single group of points, representing 
subspecies occurrence in the environment, can be visualized. Furthermore, the subspecies 
group centroids are close to each other in the PCA center, reflecting an overlapping 






Fig. 2. A–D. Geographic, ecological and morphological evidence supporting synonymization of Hypericum 
rigidum subspecies. A. Geographic distribution of the four subspecies following Robson's classification 
(1990). B. Principal component analysis (PCA) of six environmental variables and the projection of these 
variables on the first and second axis of PCA ordination. C. Cluster dendrogram of H. rigidum subspecies 
based on five morphological characters. D. Ordination resulting from nonmetric multidimensional scaling 
(NMDS). Colors represent subspecies: green, H. rigidum subsp. rigidum [‘rigidum’]; blue, H. rigidum subsp. 
meriodionale [‘meridionale’]; red, H. rigidum subsp. bracteatum [‘bracteatum’]; pink, H. rigidum subsp. 
sellowianum [‘sellowianum’]; yellow, indeterminate specimens of H. rigidum [‘indet’]. Note that H. rigidum 




Fig. 3. Box-plots representing the variation of discriminant characters in Hypericum rigidum subspecies. It is 
based in the analysis of variance tested using Fisher's least significant difference (LSD) at P < 0.05. The box 
represents 75% of the entire variation of the character measured, while the horizontal bars represent the other 
25% of variation; the circle within the box and the bar in the middle of the box represent the mean and the 
median, respectively. Points represent outliers. Different letters show significant differences between the 
means. Hypericum rigidum subsp. rigidum [‘rigidum’], Hypericum rigidum subsp. meridionale 
[‘meridionale’], Hypericum rigidum subsp. bracteatum [‘bracteatum’], Hypericum rigidum subsp. 
sellowianum [‘sellowianum’], indeterminate specimens [‘indet’]. Note that all measured characters showed 






Morphometrics can be defined as the mathematical description of biological forms 
(James and Mcculloch, 1990). When integrated with ecological analyses, they are 
considered powerful tools in accessing the morphological variation and environmental 
information needed for species delimitation (Henderson, 2006; Pierre et al., 2014; 
Robbiati et al., 2017). However, what is usually omitted is that these tools are also quite 
useful in detecting false diagnostic characters, thereby supporting taxa synonymization. 
Through analysis of variance, the differences among groups are tested according to the 
means of all the variables (James and Mcculloch, 1990). For this reason, although our 
results show the existence of statistical differences among some characters and 
subspecies, they all overlap at least in their morphological extremes (Fig. 3). Furthermore, 
the non-observance of a correlation pattern between plant morphologic and 
environmental matrices in the Mantel test may be explained by the patterns found in the 
PCA analysis (Fig. 2B), which reveals similar environmental patterns within H. rigidum 
distribution. In short, the distribution of all subspecies overlap geographically and 
ecologically, that is, phenotypes are sympatric (Fig. 2A–B). For instance, the types of 
‘rigidum’ and ‘bracteatum’ are duplicates since they were collected by Saint-Hilaire 
1,631 at the same time and place (Fig. 1D and F). However, even for the subspecies found 
in sympatry, Robson (1990) argues that it is unlikely that the morphological differences 
between these two specimens would correspond to a simple intra-population variation. 
Likewise, Hatschbach 13,796 (deposited in MBM) has two specimens on the same 
exsiccate that would clearly correspond to the ‘meridionale’ and ‘sellowianum’ 
phenotypes. Overall, taxon delimitation requires the identification of diagnostic 
characters, which are present in all individuals of the circumscribed entity and absent in 
non-member individuals (Remagnino et al., 2017). Absence of such diagnostic characters 
between the subspecies of H. rigidum sensu Robson (1990), does not support formal 
recognition of these intraspecific taxa, and hence, we reject the recognition of subspecies 
in H. rigidum. 
Many studies using morphometric methods have proved to be useful in solving 
species complexes (Atria et al., 2017; Bünger et al., 2016; Robbiati et al., 2017) or 
assisting in the recognition or synonymization of infraspecific taxa (Pometti et al., 2007; 
Turchetto et al., 2014). Segregation or synonymization of taxa based on morphometric 
approaches are robust tools in taxonomy but may be meaningless if not applied properly. 
33 
 
A representative sampling also considering outliers to fully cover the phenotypic 
variation provides crucial data for delimiting taxonomic entities. Thus, after extensive 
field observations and measurement of morphological characters from herbarium 
specimens, it is evident that H. rigidum populations exhibited high levels of phenotypic 
variation, especially in leaf size and shape (Figs. 3 and 4). Being the organs most exposed 
to aboveground conditions, leaves are the most variable of plant organs (Hudson and 
Jeffree, 2001), and this variation can be a result of phenotypic plasticity or ecotypic 
variation (Briggs and Walters, 1997). The first would be the change in the expressed 
phenotype of a genotype as a function of the environment (Gianoli and Valladares, 2012; 
Scheiner, 1993) and the second suggests that the phenotypic differences among 
populations would result from genetic variants of a particular species that is adapted to 
specific environmental conditions (Briggs and Walters, 1997; Geng et al., 2007). The 
phenotypic variation of plants is frequently correlated with environmental variables in 
strong environmental gradients (Richards et al., 2005). Consequently, since the 
environments in which H. rigidum subspecies were found are very similar (Fig. 2B), 
without major differences in environmental conditions, our findings showed that the 
observed morphologic variation does not represent adaptive matching of phenotypes to 
the environment. Thus, the phenotypic variation found within H. rigidum does not seem 
related to phenotypic plasticity nor to ecotypic variation. According to Scheiner (1993), 
random processes (i.e. genetically identical individuals reared in identical environments 
may exhibit different phenotypes) may also spur phenotypic variation.  
Randomness is still poorly understood, despite the numerous unexplained 
observations of phenotypic variation in isogenic or clonal populations (McAdams and 
Arkin, 1997). According to these authors, phenotypic variation under these circumstances 
may be a consequence of the stochastic mechanisms in gene expression. Epigenetic 
variation, for example, may arise stochastically, being able to control gene expression and 
affect plant phenotypes and fitness in many ways (Balao et al., 2018; Richards et al., 
2017; Seymour and Becker, 2017). Perhaps the synergistic effect of these unknown 
factors may be playing a significant role in the phenotypic variation found in H. rigidum, 
but further studies in this regard are necessary. Typically, the growth of plants is also 
affected by soil flooding, showing changes in leaves, roots and stem morphology in 
response to ecophysiological processes (Lambers et al., 2008). Hence, as our ordination 
indicates that all subspecies share similar environmental conditions (Fig. 2B), the high 
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intraspecific variation of this species may also be the result of hypoxia or other stressful 
factors found in the marshy environments in which it occurs. However, future 
investigations involving ecophysiological aspects, as well as polyploidy, genetics, and 
epigenetics, may provide a better understanding of which mechanisms may be promoting 
or contributing to such morphological variation. 
 
Fig. 4. Geographic distribution of leaf morphology of Hypericum rigidum. The range of leaf 
shapes and size in each collection point. Note that the leaf morphology does not show a 
geographic structuring, that is, leaves attributed to different subspecies may be found in sympatry.
 
 
Conceptual standardization is another important consideration in establishing 
limits between taxa. Misconceptions may increase communication difficulties, resulting 
in significant implications for conservation and leading to misleading conclusions within 
macroecology (Agapow et al., 2004; Isaac et al., 2004). Inconsistency regarding the 
application of the subspecific concept reported by Hamilton and Reichard (1992) was 
also confirmed here. Absence of geographic/ecologic distinctness among phenotypes of 
H. rigidum indicates that the application of the concept was inappropriate. Moreover, 
without robust morphological characters for the separation of the phenotypes, we discard 
the possibility of segregating these phenotypes into any other infraspecific category. 
In summary, no analysis supported the recognition of the four subspecies accepted 
by the current infraspecific classification (Robson, 1990). Although H. rigidum presents 
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a wide morphological variation, the overlapping of diagnostic characters and the high 
frequency of intermediate specimens to the four phenotypes found in nature, make it clear 
that these phenotypes should not be considered as distinct taxa. That is, H. rigidum 
subspecies overlap geographically, ecologically and morphologically and, therefore, we 
recommend that these phenotypes should not be regarded as distinct subspecies, but as 
one single highly variable species. We also emphasize the importance of integrative 
taxonomic studies to increase understanding, clarity, and simplicity of taxa classification. 
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Appendix. Supplementary data 
 
S1. Sampling sites and specimens used in this study. Vouchers with several herbarium acronyms had each corresponding specimen measured. 
Taxa Voucher Sampling sites Geographical coordinates 
‘rigidum’ 
1. Cordeiro & Oliveira 430 (MBM) PR, Piraquara S25°30'28"/W49°01'33"   
2. Hatschbach 638 (MBM, W) PR, Tijucas do Sul S25°34'54"/W49°10'29"   
3. Hatschbach 5561 (MBM) PR, Tijucas do Sul S25°54'08"/W48°59'38"   
4. Hatschbach 10935 (MBM, US) PR, Quatro Barras S25°22'00"/W49°04'59"   
5. Hatschbach 22992 (MBM) PR, Piraquara S25°26'25"/W49°03'44"   
6. Hatschbach 34336 (HUEFS, MBM, RB, W) PR, Tijucas do Sul S25°47'43"/W49°07'56"   
7. Hatschbach 42774 (MBM, US) PR, São José dos Pinhais S25°31'54"/W49°11'59"   
8. Hatschbach 48170 (MBM) PR, Curitiba S25°25'00"/W49°15'00" 
9. Kummrow 1214 (MBM, US) PR, Tijucas do Sul S25°55'36"/W49°10'50"   
10. Kummrow 2206 (HUEFS, MBM) PR, Campo Largo S25°27'15"/W49°31'35"   
11. Kuniyoshi 5515 (MBM) PR, Quatro Barras S25°23'17"/W49°00'10"   
12. Ribas & Silva 3 (ICN) PR, Tijucas do Sul S25°55'36"/W49°10'50"   
13. Ribas & Silva 83 (MBM) PR, Tijucas do Sul S25°55'36"/W49°10'50"   
14. Ribas et al. 4517 (ALCB, ICN, RB) PR, Lapa S25°36'36"/W49°44'11"   
15. Saint-Hilaire 1631, pro parte (P)* PR, Curitiba S25°25'00"/W49°15'00"  
‘meridionale’ 1. Mattos & Laubouriau s.n. (P04685569, RB63284) SP, Barretos S20°33'16"/W48°34'22"  
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2. Hatschbach 1213 (MBM, US) PR, Piraquara S25°26'25"/W49°03'44" 
3. Hatschbach 12027 (MBM) PR, Quatro Barras S25°22'00"/W49°04'59"  
4. Hatschbach 15370 (MBM, US) PR, Mallet S25°52'52"/W50°49'13"   
5. Hatschbach 26298 (MBM) PR, Piraquara S25°26'25"/W49°03'44" 
6. Hatschbach 46021 (MBM) PR, Turvo S25°07'36"/W51°31'50"   
7. Silva Filho et al. 2009 (ICN) PR, Ponta Grossa S25°15'20"/W50°00'33"   
8. Smith & Klein 10665 (US) SC, Mafra S26°08'29"/W49°48'55"   
9. Smith & Klein 12077 (US) SC, Mafra S26°07'05"/W49°48'08"   
‘sellowianum’ 
1. Barbosa & Araujo 144 (NY, P) MG, Passa Quatro S22°23'02"/W44°57'38"   
2. Boldrini et al. s.n. (ICN177612) RS, São José dos Ausentes S28°36'33"/W49°49'22" 
3. Bordignon 1651 (ICN) RS, São José dos Ausentes S28°50'22"/W50°00'27"   
4. Bordignon et al. 3063 (ICN) RS, Jaquirana S28°54'00"/W50°22'59"   
5. Bordignon & Cancelli s.n. (ICN177613) RS, São José dos Ausentes S28°46'55"/W50°00'04"   
6. Brotto et al. 944 (RB) PR, Piraí do Sul S24°23'22"/W49°50'57"   
7. Felitto et al. 501 (ICN) PR, Ponta Grossa S25°04'59"/W50°09'00" 
8. Hatschbach 13796 (MBM, US) PR, São Mateus do Sul S25°52'38"/W50°22'59"   
9. Korte 5934 (FURB) SC, São Bento do Sul S26°16'48"/W49°19'12"   
10. Lozano & Engels 2228 (ICN, MBM, RB) PR, Guarapuava S25°12'20"/W51°15'54"   
11. Paz 116 (ICN) RS, São Francisco de Paula S29°27'00"/W50°34'59"   
12. Rambo 35246 (US) RS, Bom Jesus S28°42'00"/W50°24'00" 
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13. Silva Filho et al. 1965 (ICN) SC, Campo Alegre S26°00'23"/W49°02'15"   
14. Sonja s.n. (ICN43319) RS, Cambará do Sul S29°10'35"/W50°06'34"   
15. Smith & Reitz 8581 (US) SC, Canoinhas S26°15'43"/W50°40'02"   
16. Smith & Klein 10719 (K, US) SC, Porto União S26°17'40"/W50°54'27"   
17. Smith & Klein 11002 (US) SC, Caçador S26°46'17"/W50°53'32"   
18. Vidal s.n. (P04685726) MG, Passa Quatro S22°23'44"/W44°54'45"   
19. Vogel Ely & Ferreira 112 (ICN) RS, São José dos Ausentes S28°39'47"/W49°57'30" 
20. Vogel Ely 384 (ICN) SC, Painel S28°00'13"/W50°09'27"   
21. Vogel Ely 424 (ICN) RS, São José dos Ausentes S28°46'03"/W50°01'02" 
22. Vogel Ely 435 (ICN) RS, São Francisco de Paula S29°18'02"/W50°45'37"   
‘bracteatum’ 1. Saint-Hilaire 1631, pro parte (P)* PR, Curitiba S25°25'00"/W49°15'00" 
‘indet’ 
1. Brade 12237 (P) SP, São Paulo S23°35'17"/W46°32'36" 
2. Brade 20529 (P) SP, São José do Barreiro S22°44'14"/W44°37'15"   
3. Brade 20755 (P) SP, São José do Barreiro S22°44'14"/W44°37'15" 
4. Brade 21071 (P) SP, São José do Barreiro S22°44'14"/W44°37'15" 
5. Cordeiro 18 (RB) PR, Curitiba S25°28'59"/W49°11'46"   
6. Cruz et al. 248 (RB) PR, Fóz do Iguaçu S25°36'56"/W54°28'51"   
7. Mgf & App 10359 (P) SP, São José do Barreiro S22°44'14"/W44°37'15" 
8. Puiggari s.n. (P04685728) SP, Apiaí S24°30'54"/W48°50'44"   
* Type specimens; Acronyms of the Brazilian states: MG, Minas Gerais; SP, São Paulo; PR, Paraná; SC, Santa Catarina; RS, Rio Grande do Sul 
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S2. Table Analysis of variance tested using Fisher's least significant difference (LSD) at p<0.05 for morphological variables of Hypericum rigidum 
subspecies.  










Mean 17.25 4.5 3.79 6.40 18.27 9.37 5.42 
CV 42.11 33.28 30.77 74.22 19.48 37.12 20.00 



















Capítulo II — Tratamento Nomenclatural de espécies sul-
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ABSTRACT 
Priority concerning the publication of St. Hilaire’s name Hypericum cordiforme over H. 
cordatum is confirmed since its effective publication in Flora Brasiliae Meridionalis 
(1828) predates the publication of Vellozo’s name Receveura cordata, the basionym of 
H. cordatum, in Florae fluminensis (1829). We also provide a second-step 
lectotypification for H. cordiforme and a lectotypification and epitypification for 
Receveura cordata. Hypericum cordiforme var. genuinum is for the first time determined 











Hypericum L. (Hypericaceae) is a nearly cosmopolitan genus with over 500 
species ranging from annual herbs up to trees (Robson, 1981, 2012). A robust worldwide 
monograph of Hypericum by Norman K. B. Robson was published in several parts from 
1977 to 2016 (see: Carine & Christenhusz, 2010; Robson, 2016). Despite the genus 
having been thoroughly studied from a taxonomic perspective, some nomenclatural 
problems persist within it. 
Here, we address nomenclatural issues pertaining to a species of Hypericum 
distributed in the Brazilian states of Minas Gerais, Rio de Janeiro, São Paulo, Paraná, 
Santa Catarina and Rio Grande do Sul, for which the name H. cordatum (Vell.) N.Robson 
has been accepted by recent authors (e.g., Robson, 1990; Bittrich, 2003; Slusarski et al., 
2007). 
 
THE PRIORITY OF HYPERICUM CORDIFORME OVER H. CORDATUM 
 Saint Hilaire (1828) described Hypericum cordiforme in Flora Brasiliae 
Meridionalis, published on September 29, 1828 (see Brandão, et al. 2012; Dwyer, 1955; 
Pastore, 2014; Pignal, et al. 2013, for a detailed discussion on Saint Hilaire’s Flora 
Brasiliae Meridionalis). Vellozo (1829) described 1,640 plant species from areas that 
today are part of the Brazilian states of Rio de Janeiro and São Paulo in Florae 
fluminensis, which although it bears the date 1825 was not “effectively published” as 
defined in the Shenzhen Code (Turland et al., 2018) until some time between September 
7 and November 28 of 1829 (see Borgmeier, 1937; Carauta, 1973; Lima, 1995; Bediaga 
& Lima, 2015, for a detailed discussion on Vellozo’s Florae fluminensis). One of the 
species published in Florae fluminensis, Receveura cordata Vell., was subsequently 
transferred to Hypericum by Robson (1990), thus establishing the combination H. 
cordatum (Vell.) N.Robson. Although St. Hilaire’s name was accepted by a number of 
authors (e.g., Reichardt, 1878; Smith, 1958; Rodríguez Jiménez, 1980), Robson (1990) 
placed H. cordiforme in the synonymy of H. cordatum, and subsequent authors have 
followed suit (e.g., Bittrich, 2003; Slusarski et al., 2007). While we agree with Robson 
that the two names are synonymous, we disagree that Vellozo’s epithet has priority, since 
H. cordiforme has an older effective date of publication (1828 vs. 1829). 
 
NOMENCLATURAL TREATMENT 
Hypericum cordiforme A.St.-Hil., Fl. Bras. Merid. 1: 330. 1828 (“1825”). Type: Brazil, 
São Paulo, “in pascuis prope urbem Sancti Pauli”, 1816–1821, St.-Hilaire 1172 
(first-step lectotype, designated by Robson, 1990: P, cited “holotype and isotype”; 
second-step lectotype, here designated: P barcode P01901409; isolectotype: P 
barcode P01901411; probable isolectotype: P barcode P01901410). 
Receveura cordata Vell., Fl. Flumin. 1: 237. 1829. Hypericum cordatum (Vell.) N.Robson, Bull. 
Brit. Mus. (Nat. Hist.), Bot. 20(1): 59. 1990. Lectotype, here designated: Brazil. [Rio 
de Janeiro or São Paulo]: “Habitat campis apricis mediterraneis”; [illustration] Original 
parchment plate of Flora Fluminensis in the Manuscript Section of the Biblioteca 
Nacional, Rio de Janeiro [cat. no.: mss1198654_122] and later published in Vellozo, Fl. 
Flumin. Icon. 5: t. 119. 1831. – Epitype, here designated: Brazil. São Paulo, São Roque, 
Bairro Caete, 2 Dec 1987, S. Tsugaru B2244 & Y. Otsuka (NY barcode no. 477006; 
isoepitype OOM no. 45255, n.v.). 




Hypericum cordatum subsp. kleinii N.Robson, Mus. Brit. Nat. (Nat. Hist.), Bot. 20(1): 60. 1990. 
Type: Brazil, Santa Catarina, Lajes, 2 Dec 1956, L. B. Smith & R. Klein 8100 (holotype: 
US; isotype: NY). syn. nov. 
 
Hypericum cordiforme was described by St.-Hilaire based on its own collections 
from São Paulo. These specimens were deposited at P and indicated as “holotype and 
isotype” of H. cordiforme by Robson (1990). As specified in Article 9.10 of the Shenzhen 
Code (Turland et al., 2018), Robson’s use of the terms holotype and isotype must be 
corrected to lectotype and isolectotype, respectively. However, since Robson did not 
actually identify the “holotype” from the duplicates at P (barcodes P01901409, 
P01901411 and probably P01901410 as well), nor did he annotate the specimen as such, 
a second-step lectotypification is required (see Article 9.17 in Turland et al., 2018). Both 
specimens belong to the same species and have the same collection number (St.-Hilaire 
1172), except for P01901410 which is probably also na isolectotype but has no collection 
number. We chose the sample P01901409 as the lectotype because this sheet is the most 
complete morphologically (with flowers, fruits, and lateral branches) and has Saint-
Hilaire’s own notes written on the label. 
The original parchment illustration of Receveura cordata housed in the Biblioteca 
Nacional in Rio de Janeiro was chosen as lectotype because it is the only surviving 
“original material” (see Article 9.4 in Turland et al., 2018), all of Vellozo’s specimens 
apparently having been lost sometime after their arrival in Europe (Lima, 1995; Pastore, 
2013; Pellegrini et al., 2015). While reproductions of the Florae fluminensis illustrations 
were effectively published in 1831, these do not constitute original material for the names 
published in that work, since the effective date of publication for the names, including R. 
cordata, is 1829 (see Knapp et al., 2015). 
In comparison to contemporaries, such as Linnaeus, Vellozo provided much more 
detailed descriptions for the species that he described in Florae fluminensis (Pellegrini, 
2015). However, the loss of all of Vellozo’s specimens and the frequently inaccurate 
depiction of morphological features in the original illustrations of the species described 
often make it difficult to apply Vellozo’s names (Borgmeier, 1937; Lima, 1995; Buzatto 
et al., 2013; Pastore, 2013). In the case of Receveura cordata (=Hypericum cordiforme), 
while the distinctive leaf shape of the species is accurately depicted, the inflorescences, 
which are always composed of mono- or dichasial cymes in H. cordiforme, are not. 
Furthermore, the presence and arrangement of the lateral branches and the arrangement 
of the leaves on the stem are essential characters for distinguishing H. cordiforme from 
H. ternum A.St.-Hil., with which it is easily confused (Robson, 1990; Vogel Ely et al., 
2018). Therefore, due to the inaccuracy and ambiguity of the lectotype, we elected to 
designate an epitype. The specimen chosen (S. Tsugaru B2244 & Yasuo Otsuka, NY 
barcode no. 477006) was selected because it was collected in São Paulo (Vellozo’s lost 
material having originated from localities now contained within the modern states of São 
Paulo and Rio de Janeiro), is representative of the morphological characters of H. 
cordiforme, and satisfies the morphological concept presented in the protologue of R. 
cordata. 
In his treatment of H. cordiforme, Briquet (1919: 390) wrote: “On peut distinguer 
dans cette espèce les trois variétés suivantes [The following three varieties can be 
distinguished in this species]”. As indicated by the epithet, he apparently considered his 
var. genuinum (Pp. 391) to be the typical variety, although he cited his own collections in 
the protologue (Guillemin 315). Article 26.1 of the Code requires that the typical variety 
bear the same epithet of the species to which it belongs, thus rendering Briquet’s H. 
cordiforme var. genuinum invalid. 
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Although Robson (1990) distinguished two subspecies within H. cordatum, we 
decided against recognizing the corresponding taxa within H. cordiforme because the 
subspecies do not occupy separate geographic areas and the purported diagnostic 
differences display continuous variation among populations and are in some cases 
bridged by single specimens. 
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Conclusões e Perspectivas 
A presente tese fez significativas contribuições para o entendimento da taxonomia 
e história evolutiva de representantes sul-americanos do gênero Hypericum, através da 
investigação de aspectos filogenéticos, taxonômicos e nomenclaturais. Tais abordagens 
mostraram que as espécies sul-americanas não andinas de Hypericum formam um grupo 
monofilético que é fortemente sustentado em nossas análises e que a espécie 
morfologicamente distinta, H. piriai, fica posicionada separada do clado andino e do 
clado do sudeste sul-americano, provavelmente representando uma terceira linhagem que 
colonizou a América do Sul. Ou seja, nossas análises filogenéticas demonstram que as 
espécies de Hypericum sul-americanas agruparam dentro de três clados que não são 
diretamente relacionados, e pela sua posição filogenética provavelmente foram 
submetidas a três histórias biogeográficas independentes, contrastando desta forma com 
os resultados de Meseguer et al. (2013, 2015) e de Nürk et al. (2013b, 2017). Esses 
resultados foram baseados em uma amostragem quase completa das espécies sul-
americanas não andinas e representa um importante incremento às filogenias anteriores.  
Nossos estudos também resultaram em novidades taxonômicas e nomenclaturais, 
dentre as quais podemos mencionar a sinonimização de seis nomes [Hypericum 
campestre subsp. pauciflorum N.Robson, H. campestre subsp. tenue N.Robson, H. 
cordatum subsp. kleinii N.Robson, H. rigidum var. brevifolium A.St.-Hil., H. rigidum 
subsp. meridionale (L.B.Sm.) N.Robson, e H. rigidum subsp. sellowianum (R.Keller) 
N.Robson], o restabelecimento da prioridade nomenclatual de Hypericum cordiforme 
A.St.-Hil. sobre H. cordatum (Vell.) N.Robson, a indicação de seis lectótipos 
[Hypericum brasiliense var. angustifolium Reichardt, H. megapotamicum Malme, H. 
myrianthum Cham. & Schltdl., H. tamariscinum Cham. & Schltdl., Receveura cordata 
Vell., e R. graveolens Vell.] e 21 casos envolvendo segundo passo de lectotipificação 
[Hypericum altissimum R.Keller, H. campestre Cham. & Schltdl., H. caprifoliatum 
Cham. & Schltdl., H. connatum Lam., H. cordiforme A.St.-Hil., H. laxiusculum A.St.-
Hil., H. denudatum A.St.-Hil., H. euphorbioides A.St.-Hil., H. euphorbioides var. minus 
A.St.-Hil., H. euphorbioides var. floribundum A.St.-Hil., H. linoides A.St.-Hil., H. 
mutilum L., H. notiale L.B.Sm, H. pelleterianum A.St.-Hil., H. piriai Arechav., H. 
punctulatum A.St.-Hil., H. rigidum A.St.-Hil., H. rivulare Arechav., H. stylosum Rusby, 
H. teretiusculum A.St.-Hil., e H. ternum A.St.-Hil.], quatro indicações de neótipos 
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[Hypericum cyathifolium Larrañaga, H. lorentzianum Gilg ex R.Keller, H. meridionale 
L.B.Sm., e H. sellowianum R.Keller], um epítipo [Receveura cordata Vell.], além da 
identificação de dois nomes supérfluos [Hypericum bolivianum R.Keller e H. connatum 
var. obscurum Briq.] e um nome inválido [Hypericum cordiforme var. genuinum Briq.]. 
Do ponto de vista da conservação, foi possível identificar onze espécies 
ameaçadas, sendo estas as espécies que demandam ações de conservação mais urgentes 
[H. austrobrasiliense – CR, H. bordignonii – CR, H. cavernicola – EN, H. legrandii – 
CR (Possivelmente Extinta), H. microlicioides – CR, H. pedersenii – EN, H. pleiostylum 
– CR (Possivelmente Extinta), H. rigidum – EN, H. robsonii – CR, H. salvadorense – 
EN, e H. tamariscinum - EN]. Embora as demais espécies não tenham se enquadrado em 
nenhuma categoria de ameaça da IUCN, isso não quer dizer que elas não requeiram 
estratégias de conservação ao longo de diferentes pontos de sua distribuição global. Pelo 
contrário, tanto as espécies quanto os ambientes em que elas ocorrem demandam medidas 
protetivas imediatas, sejam elas áreas de proteção ambiental dentro dos diferentes países 
sul-americanos em que ocorrem, ou mesmo medidas que promovam a conservação dessas 
espécies e ambientes dentro de áreas privadas, dois importantes desafios a serem 
conquistados. 
Em suma, embora nossos resultados tenham levado a novidades no âmbito da 
sistemática, da nomenclatura e da conservação, eles também levantaram novos 
questionamentos acerca da história evolutiva e taxonomia desse gênero tão diverso. 
Assim, visando aumentar o conhecimento sobre as espécies sul-americanas de 
Hypericum, nos parece relevante acessar e comparar as histórias biogeográficas das 
linhagens sul-americanas de Hypericum, suas trajetórias de diversificação, ecologia e 
morfologia a fim de identificar as semelhanças e diferenças evolutivas responsáveis pela 
contrastante riqueza de espécies, além de identificar sinapomorfias morfológicas, 
químicas e moleculares para os clados sul-americanos. Nos parece igualmente importante 
investir em mais abordagens integrativas a fim elucidar dificuldades taxonômicas acerca 
de espécies complexas ou complexo de espécies (ex. H. brasiliense s.l. e H. 
myrianthum/H.tamariscinum), além do investimento em pesquisas taxonômicas 
envolvendo as espécies de Hypericum andinas, que ainda foram pouco apreciadas em 
estudos nesse âmbito mas que apresentam muito potencial para identificação de 
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